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iiii!aDi?pcTxoH mm ^nriBw og LiTBaAOTHg 
Til© amitB merit special attastitioa because of the 
serious eeononie losses they cause to cereals , uhioh accor-
ding to Stevens and Utevens (1952) consti tute 73 per cent of 
the t o t a l food consumed by nan* Consequently any ais^ moy 
which liiBlts the production of cereals a^ould recei'^e special 
a t tent ion of scient is ts* 
The nature of the dasiage i s taanyfold (1) Lowering 
the yi<riLd through the destruction of the edible part of the 
plant sf (11) Lowering the aaiket -value of the cereals i 
( i l l ) Lowering the food value and (iv) Causing losses t h r o u ^ 
the sBBit explosions. 
Annual losses of wh«at due to bunt in the tJ.S, i^  were 
reported by Beatie (1902) to be S 2,500,000, Bolley and 
Brentzel (1927) » 8000,000 and Paris j t al^ (1935) e 15000,000. 
Losses caused "by f lag sniat of Wheat and fye Uroovstis t r i t i o i 
(IPreuss) Sohroeter (Fischer, 1953) and Urocygtls oooultt^ 
(W&llroth) Habanh, (Slscher, 1953) respectively amounted to 
f^ 200,000 annually (Staknan and Bodeahlser, 1916). Flag siaat 
of wheat also caused severe losses in Australia (Churchward, 
 
 
 
 
 
  
 
 
 
1934>« Annual losses i n oa t s due to Ust l laao avenae (Persoon) 
Rostrup (Fischer , 1953) and TJstilago Kol ler l Wil l ie (F ischer , 
1953) i n the U.S.A. amounted t o S 3,500,000 (Stakman and 
Hodeiihiser (1926, 1927)1 i n Sorghum smut S-phaoelotheca soreaij 
(Link) Clinton ( H s c h e r , 1953), 3 200,000 (Melchers and 
Johnston, 1928) l i n Maize smut TTstilago maydis (decondolle) 
Oorda (Fischer , 1953)t S 9,152,000 (Taubenhaus, 1920). Other 
smuts such as tJstilago hordei (Persoon) Lagerheim (F ischer , 
1952) a l so caused severe l o s s e s i n ha r l ey . 
Sugarcane, Saccharum officinarum Linn. , and All the 
o t h e r species of the genus v i z . , 3» h a rba r i ; S, rohustun^; 
S,. singnce and 3, spontaneum suffer damage due t o Whip o r 
culmicolous smit (TJstilago acitaminea 3 y d . ) . 
TJatilagp scitaminea 3yd. , was f i r s t recorded i n Natal 
(1877) by "Victoria P l a n t e r s Association as quoted by McMartin 
(1945). The e3clstence of the causal organism has been 
reported from a l l the sugarcane growing areas of the world 
Java (Wakker, 1895); Ind ia (But le r , 1906); Ph i l i pp ines 
(Lee, 1924); Mauritius (Shephard, 1924); Louisiana ( P r i t c h e t t , 
1924); Braz i l (Dacamara, 1930); Indochina (Bara t , 1931); 
China (Teng, 1932); Argentina (Cross, 1947); I r a n ( I r shad and 
Baniabbasi , 1971); Hhodesia (James, 1974); (Juyana (Ba tes , 
 
 
 
 
 
  
 
 
 
1975)1 Taiwan (leti and Teng, 1976), In our coimtiy the 
disease (Whip aunt) I s reported trom several par t s iaoludlng 
Western tJ.P,, Punjab, BlhaPt Andhia Pradesh and Madxas 
(Api>alaaajaslah, 1961), Chona (1940) Teportod I t f3»m Falaatoad, 
TJttar Pxadesh. Saatena (1959) wade a suwey of the disease 
s i tuat ion in JCLtgarh and Bulandshahr d i s t r i c t s of tl,p, and 
reported I t s ooearrenoe In these areas, 
HOMSarCLATTJRS MD MOaP^ OLOgY 
For a oonslderahly long time there had hemi con:^sion 
with regard to the nomenclature of the sufiaircane snait, t h i s 
was so because of ootiftislon in asslgnlnjf correct names to snuts 
attacking the species of the genera §acQhagmi and JdaniJaift. 
However, Sy^w (1924) • Boedljln (1955) and Olffert (1958) 
at tes^ted to clear the doubts regarding the nomezuslature of 
sffluta attacking the geneia 9i |?^^mB and Bgjffilthttff and t h e i r 
species. 
I t was Sydow (1924) viho exanined the speclaens of the 
sBRits on the 2 gmiera mentioned above and announced that the 
namn TJatilago sacohari fiabex^. l^d be^i erroneously applied 
to the snnit on sugarcane as the Patilaao saochari I s an ovaxi-
oolous SHut, Whose spores zange in dlaaeter from 7*5 to 10*5 iix* 
The flowers of Brlanthus attacked by the ssut , werecoolleoted 
 
 
 
 
 
  
 
 
 
from Iran, Sydow (1924) made a c r i t i c a l ©xasslnatlon of the • 
spoils ana found that these spores were smooth, yellovd.sh to 
br i f^ t yellow brown and varied in t he i r diaraeter isnged from 
8,5 to 10.5 n* 
Both Habwihorst (1870) and Waldheim (18T7) were unable 
to ^ v e a clear iraage regarding the nomanolattire of the sfflat 
attacking the sui^reane. The woifc of Betoni (1888) added 
further eonfuaion In assigning the eorrect name to the sugar-
cane anaat, the range of spores according to Detoni (1888) 
was 8 to 18 u, vlhile the specimen of the vfriip smut of sugarcane 
Which was available in Kew showed the razige of spores from 
5»5 to 8,9 u whicjh i s nornally seen in the spores of sugarcane 
smut. According to Sydov (1924) the oommcm mxgaroane smut i s 
culndoolous, destroying the ent ire infloresovsoe. 
The spores possess d i lu te brown colour, they are 
smooth and range in diameter from 5»5 to 7.5 Ai and he on the 
basis of differences from TJst^la/» aaeohari named the sugar-
cane smut as XTstilaiCT soitamtnea Syd, Re also reported another 
oulmicolons simit and named i t Ustilago cons^milia. having 
smooth spores but the diameter of the spores range from 3.5 
to 5.0 « . He further claimed to have idraitified another 
oulraicolous saut on Sacohamm spontaneum Which waa intermediate 
between the t%io. 
 
 
 
 
 
  
 
 
 
B^jrller (191B) stw^leS the spores aad obsQZVod tha t 
th© spores w®r© sphsrtcal , aaootbt l i ^ t brown In colour 
and 8 to 11 /o In diameter* Simiiarlyi Botarlquet (1958) 
wipoirtedi from M®dagask©r that the spores of the sug^roane 
srattt weiis round and jaaasurai 6 to 8,5 A* i » dlaaeter having 
a sBOOth hz^wn m^iahrane* 
ilundkur (1939) a^de a c r i t i c a l examination of sugar-
oane emit speoiBiens oolleeted from differesit par ts of the 
woaad v^hioh ineluded 73 eolleotlonei 52 from India, 11 from 
Philippines, 3 each from Chins and Java, 2 from Natal and 
1 each from Buraa and Mauritius, Itts observations based on 
the spore sisot spore surfacet spore fflaxking and spore 
colour, led him to s p l i t MgtJteM §Sl.1 f^fllnqft Syd, into 
1 species and 2 v a r i e t i e s , fhese are PstllaaQ ^Q^ |^|^ ,|^ ,f^ var . 
SaoBhflgl Ml^^SL Mundkur and MUl^E^ mX^w:inm ^^^r. 
Saeohari officinaaum Mun^Boir, fhe spores of the fonaer are 
HBiffl3r-^ 3?own, finely verucoset thick %»lled, having average 
diaaeter of 6A M an* of '*^« l a t t e r are vandylce brown, aediuia 
thi<acwalled coarsely eohinulate having avemge diameter of 
8#4 tt. 
Another signifieant contribution to the morphologioal 
study weis nade by Hirsohhom (1943) from Argentina. She oade 
 
 
 
 
 
  
 
 
 
an extofiislva iniyestiifsation of th& varlou® aorp'holcgioal ehai^o-
tera of aonjo 500 QpeclmooB mid aul>00<iU«ntly divided thiQ imteTial 
in to 6 groupSt wfilo^ ar© diatiiiguiahad ijy the foliowtiig foattirest 
1. Chestsait to g»aylfiSit s l o ^ s o or subgloboi^ 5»7 to 
7»5,« dlamoter with somo What •verrucos© raenbron®. 
2« Chestnut to ^X&m^TO\m globos«« 3ubfilobos« or 
a lUp t i ca l 4 to ?• 5 ^ in diaia^ter with a e l i ^ t l y oohinulate 
m«rah»an« 1*5 to 2.0 « in l^ioknoss* 
3 . IHxk ohostnut to nearly Made g^ohose or iirregBlax^ 
polygonal 5«5 to 9 ^ tii diairietei* wlt^ ^ a^ i al-'^ .ost ^^ ps^ tr^ h 
. ,» 1 to T; yu in trdd£aj3SE, 
4* Ck}ld«»a reddish or aaarly blai^ having lusturst 
i r regu la r 5 to 7*5/U in diaiaster with punotftte mmbxone* 
5. J*mmn coloured, globos© 4 t o 5 ^ in diaaetor with a 
raombrana ii^idi i s oohltmlate. 
6. Ilrfio i^ xwup iii ohfii^aotexisofl hy t\jc t^-pes cf chlamy-
dospo^eti* 
a) golden to grayishf globos© t1 ju in dia}aet<»r oonapi* 
eiu)U8ly oohinulato mBmhTBxm* 
b> Heddiah* globoso or i r r e ^ ^ a r 5 to 6 ju in diataoter 
with an altdost aiaooth ast^i^na. 
 
 
 
 
 
  
 
 
 
i^wcett (1945) reported t>tat there was l i t t l e d i f fe rence 
i n the a i s e and colour of the spores , he Qxaadned 100 sporea from 
the d i f fe ren t r ^ i o n e of the smut whip on variel^r POJ 36 and 
concluded tha t average diaraeter was 5.8 la. Others Who studied 
the spore s iee included Chona and Oat tani (1950) and M^er ton 
( I955) t the former reported averaif^e a ise of the spores as 6.5/U 
and the l a t t e r aa A ja, Lambat JQ^ §^ (196??) a l so conformed the 
njorphological va r i a t i ons i n su^iar cane siaut. 
I t therefore appears from the above t h a t the view 
expressed hy Mundkur (1939) rof^arding su^ar cane smut i s taore 
r e a l i B t i c , Mohan Bao and Prakas^n (1956) found a l i t t l e 
difference in spore morphology i n mater ia l obtained frara Andhjm 
Piadash. they concluded t h a t the re were no phys io logica l races 
of sugar cane aaut occurring i n tha t s t a t e . Befay and Singh 
(1Q59) found tha t colour of the spores var ied according to the 
exposure to eunligfit o r u l t r a v i o l e t r ays . Therefore, colour 
i s not a s tab le fac tor for specifying groups 
BPON(^C WOIgPANC^ 
The Whip simit I s highly des t ruc t ive . McMartin (194n) 
repor ted the des t ruc t ion of sugarcane v a r i e t y 'China cane* 
due to i t s in fec t ion . Cross (1947) reported i t s epiderrdo 
from Argentina, Where i t threatned the fljtiire of the suifsar 
 
 
 
 
 
  
 
 
 
industiry, The cu l t i va t ion of t>se sugarcane had to be abandoned 
i n a l a r g e area due to i t s epidemic• Aocordini? to Chona (1940) 
the incidence of sraut ranged from 35 to 40 percent and I"? to 15 
paromit on i r a i l e t i e s CO ?13 and CO ^1*^ respectimely i n Fai^abad 
d i a t r i o t , Josbi (1954) reported 5 to 60 percent i n f ec t ion I n 
n . P , , wViile Parfhasarthy (1951) reported 70 percent i n f ec t ion 
i n Madras. 
Khanna (1947) reported tha t the r e l a t i o n s h l | between 
the sraut incidence on one band and losses i n y i e ld and sugar 
content on the o ther were found to be l i n e a r . Pre l indnary work 
showed tha t out of ^ v a r i e t i e s Which were found infec ted '>^ 
suffered niore -than 6o percent l o s s i n weight of cane», :^11 
I n the ext inct ion perc^i tage of j u i ce was very high consequently 
the recovery of cane sugar declined from 55.5 to 9^.0 percent 
i n the infected p l a n t s , Gi rdhar l l a l and Garg (1954) observed 
30 to 90 percent loss i n the ratoon crop of COS 945 and cttily 
9 percent i n the p lan t c iop . According to Bao and Prakassam 
(1956) the average of l o s se s i n a soutted clump of the p lan t 
crop longed from 39.0^ to 55.65 percent of the weight of the 
heal thy oluiap while i n ratoon crop i t ranged from 51.5? bo 73.4^ 
p e r c e n t . They also observed t h a t f igure of lo s ses were aggravated 
I f the in fec t ion occurred a t an ear ly stage of p l an t growth. 
S tudies on ju ice qua l i ty of hejilthy canes flora sinutted clsmp 
 
 
 
 
 
  
 
 
 
revealed tha t Juice of sucli canes was d e f i n i t e l y I n f e r i o r i n 
qua l i t y than those of heal thy canes ( i ^ j a ^ a^ 1973), Jamos 
(1974) studied the e f fec t of esiut i j i fect ion on sugar y i e l d , 
His f indings not only conflmed tha t sunt i n f ec t ion d i r e c t l y 
deci^ased the sugar content hut also rervealed t h a t the disease 
adversely affected the " t i l l recovery of the sugar. 
The CUIMICOIOUS sraut of sugarcane i s cha rac te r i sed by 
very well marked and d i s t i n c t syrs^jtortis, as the naae sanit 
i n d i c a t e s the hlaok powdery spore raass having ohlaiaydospores 
a re associa ted with very conspicuous Whip produced by the 
snaitted oanes o r ig ina t ing from the apex of the s t a l k (MoMartin 
1948), 1*he whip n«y vary i n s i ze from a few inches to severa l 
f e e t . In the ear ly s t a g s the whip I s covered by a s i l ve ry 
white membrane which sooner o r l a t t e r f a l l s off exposing dense 
black spore mass. In some cases only the l a t e r a l scoots 
bea r t he whip as a remi l t of loca l i sed i n f ec t i on . The Infec ted 
canes eaSulblt excessive t i l l e r i n g , the canes becoming t h i n and 
s lender i n severe cases of i n f ec t i on . In the ratooned stumps 
the t i l l e r i n g and Whip forrmtion i s very profuse and I n some 
h l # i l y suscept ible v a r i e t i e s l ea f in fec t ion i s qu i te common 
(MoMartin 194B| ISrshad and Baniabbasl 19711 Byther and S t e i n e r 
1974 and Toriblo (1975). Byther and S te ine r (1974) and 
 
 
 
 
 
  
 
 
 
Nasp and f a l b a l l a (1976) obsainred abnormal syiuptoraa prodwced 
on the infected syijairjano p l a n t s , siioh a s the convoltitadi sor t fvom. 
l a t e r a l buds, folios© if^alls and c a l l u s forsiatlon, 
Tba nature of the anait whitt^ I t bas been fjenerally considerad 
a raodlfied Inflorescgtnce but tbe re i s so!^ controversy reg'iird-
ing tbe na ture of the smut Whip. 
But le r (1918) regarded i t as a modified inAoresceiKJe, 
Oofenda (1938) described the t e r t d n a l s t ruc tu re as tb© youngest 
l e a f of the oane» Whlob assumes a s i lve ry White and grey oolourt 
f i n a l l y tumin/? to coal black; becoming whip l i k e i n app^irancei 
he however added tha t i n some cases the so r i may be p resen t i n 
t a s s e l , Chona (1945) reported tha t the 8?mtted oluii^s produce 
the imramified arrows i n Which the lower por t ion cona i s t s of nomial 
inf lorescence while the upper por t ion of the arachis i s converted 
i n to a typ ica l smut Whip. 
M0D15 0? INg^CnOH 
5*he isyceliura of the l ingua 3f!rvf?s as the source of 
i n f e c t i o n When the diseased a e t t s a re used for p lan t ing the 
eiyjp. According to Ajrekar (1916) in fec t ion takes place by 
the sporea adhering the ae t t a but i t remains l a t e n t u n t i l l 
the crop reaches the maturi ty , Baatur (19*^0) reported t h a t 
the in fec t ion of sugarcane awit takes place only t h r o u ^ the 
 
 
 
 
 
  
 
 
 
buds. TVie sporldla on ,-^6ruination penetrate the youAg thin 
walled scal0-1ial2?8. He also noted that the infusion through 
the cut end does not take place, Accordln/5 to i'awcett (1944) 
the pathogen enters through the lower par t of the bud, below 
the B3ales, Te also noted that the mycelium was TL&VQT present 
i n the intemode or elsewhere, he considered that each 
diseased bud represents a separate and independ^it Infection, 
o r l ^ n a t l n g from an outside source. 
Chona (1945) studied the vrirmry and secondary infection 
i n the sugarcane p lants . In case of the prtrmry infect ion, 
the In i t i a t ion i s from the se t t s t ^ e n from the srautted stock 
or i f they are Inoculated before planting?. ISarly infection 
i n the fona of whips i s the ii^sult of primary infection, while 
the infection Which oosaes l a t e in the season i s the resunt of 
secondary infection, Chlaa^ydospores blown by wind fitun the 
nearby whips also f ac i l i t a t e the infection in the healthy canes. 
I t was found that the spores of the fungus establish themselves 
in the cup shaped receptacle formed a t the junction of the leaf 
and leaf sheath, fiom where the spores easily t ravel down the 
sheath, part icular ly When they reach the nodal region and the 
growing ' eye ' , penetration of the spores takes place and the 
infection i s established. 
 
 
 
 
 
  
 
 
 
I t vaB found thaa t younarer 'eyes* and o lde r ' e y e s ' Whose 
o u t e r sca les get s l i g h t l y in jured , are laore 3Mse6rptl"ble to 
In f ec t i on t*>an the o lde r ' e y e s ' >tayln/? sound sca l e s , S l ' d l a r l y 
t>!e .*?er?iinatin^ Vwds a r e Tnr»re suscep t ib le to In fec t ion • 
Waller (1969) studied the epidetiiioloi?y of the su/?aroane srail! 
i n Kenya and reported t ^n t the tertninal amut whip i s produced 
6 Rjonths a f t e r the in fec t ion , "by the modified a c t i v i t y of the 
diseased c-mes. '^e whip r e l ^ s e a inoculum for about 3 !!ionths» 
In fec t ion i n the fieD d i s chief ly r e s t r i c t e d to emerging 
t i l l e r touds, The sarae worker Waller (197D) reported t h a t the 
spores when gertalnate on an iRsmature t i s s u e a t the base of the 
i nne r bud scaleSf formed appresaorla r ead i ly , plaoiniE the 
inoculum beneatb outer bud sca les caueed more i n f e c t i o n , raore-
over , the i^eMalnatlns buds were found to be ajore suscep t ib le 
t o in fec t ion . Leu (1973) also oonfiziaed the above f i nd ings . 
I*ithKi (t93B) observed t h a t sunaroan© sraat i s perpe tua ted , 
(a) by p lan t ing s e t t s taken from diseased shoots of the canest 
(b) by chlan^^dosporea Which nmy adhere to the surface of the 
bud of the s e t t s a t the tirae of p l an t ing ! (c) by a e r i a l i n f e c t i o n 
oT the buds of standing cnnes.and (d) by ratooning the saut ted 
oanoo, Chona (1943) reported t h a t besides the a'Wnve, the hea l thy 
shoots tTom diseased clunips and the heal thy clwrrps v/hioh grow 
near the srautted clumps could a lso help i n the pe3?petuatlon of 
the d isease . 
 
 
 
 
 
  
 
 
 
Wiehe (1949) reported tha t I t l a the hlfth tesrperature 
and not lack of Taoisttiro Which favours in fec t ion , ^he 1 s t 
phase of the infec t ion may be prinifiry which oecwra due t o 
p l an t ing of s e t t s from infected mater ia l and secondary i n f e c -
t i o n a r i s e s from the a i r or s o i l and a f f ec t s a l l the shoots . 
Hao & Prakasara (1956) a lso studied the perpetuat ion of the 
srawt and found tha t i t was due to s tuhhles of smitted clumps 
and s e t t s from siaitted shoots Which gave a r i s e to hiji^ 
incidence of aiaut While i n the o ther cases the incidence was 
low, 
V I A 3 ; L ; T Y 0? ^fp^^ 
Luthra (1938) s tudied the v i a b i l i t y of chlaiaydospores of 
?§tl3i^^, affl1;aBlnfla Syd. by p lac ing the spores i n closed tub»s 
and s to r ing thea i n incubators running a t 3, 13» '^0, ?5» 30 ani 
35**C respect ive ly and then germination was t e s t ed a t d i f f e r en t 
i n t e r v a l s , ^e reported tha t even a f t e r '»ln days more than 70 pe r 
cent spores reraain«jd v i ab l e a t a l l the t enpera tu res , Luthra 
fu r the r reported tha t the spores kept on so i l surface reiaained 
v i ab le for 7 to 10 months, while those burr ied a t the depth of 
1, '> o r 6 ineheSf l o s t v i a b i l i t y within 4 to 7 a rn ths . Fur ther 
he observed t h a t under moist oondltlonx the spores l o s t t h e i r 
v i a b i l i t y i n about ?1 days howefver i n dry s o i l they remained 
v i a b l e for l o n ^ r pe r iods , ^e t>^er«fore» concluded t h a t the 
 
 
 
 
 
  
 
 
 
spores Which are shed on the s o i l In September and October 
can reraain v iable t i l l the p lan t ing season of sBiijarcanet 
pawvlded t>^at tvtero I s l i t t l e p r e c i p i t a t i o n during the pa r iod . 
Khan and Saxena (1Q63) co l l ec t ed th© s p o i l s of su/p,rcan© 
saut from 7 l o c a l i t i e s which were found v l -.bio for 110-148 days 
a t n®C to 10*^ 01 105 to 150 days a t '»5°C; 68 to 98 days a t 30**C; 
35 to 60 days a t 35*'C and in to 18 days a t 40°0. Freshly 
co l l ec ted spores and spores s tored for 15 days a t 0-?5**C ^owed 
moderate germination a f t e r 4 hours . V i a b i l i t y was adversely 
af fec ted a t 100 and 9B percent r e l a t i v e huiiiidity, on the PrkA 
and 1ni3i day respec t ive ly but was moderate even a f t e r 30 daya 
a t o t^e r r e l a t i v e humid i t i e s . Si^piificant di f ferences occurred 
between c o l l e c t i o n s , S i n ^ j2i ^ , (1966-67) a lso s tudied the 
v a r i a t i o n and the longevity of the sporas of TJatilaao aol^tamlnea 
Syd. and concluded t h a t the loniStavlty var ied from 56 to 306 days* 
depending upon the c o l l e c t i o n , l oca l i t y* and sugarcane v a r i e t y 
which laay ind ica t e the exlstanoo of physiologic races within the 
pathog«n# 
tocordln/? to James (1969) the chlanjydosporse reciained 
v i a b l e i n dry s o i l for 64 days and i n wet s o i l for 16 days. 
The growth r a t e of cane governs the i^ te of siaut expsesslon and 
both t h i s and in fec t ive capaci ty of the spores were co r r e l a t ed 
with seasonal terapei^tures. 
 
 
 
 
 
  
 
 
 
I v ; 
<a) <^TOtm1fl?n ^t V^^ §Pf?rgs X^ o}\^j^o^l§t lAithra (1938) 
s tudied the germination of sporas of su^ roane simit and found 
t h a t glucose solut ion ( 0 , 5 to 5 percatit) and sugaroana loaf 
decoction N/e to K/1 were the heat for the fserraination of the 
spores . Oerwinatlon was Inhib i ted i n even onet percent so lu t ion 
of sodium carbonate and sodium ch lo r ide , i t was also i n h i b i t e d 
i n even N/? to N / I so lu t ion of dung e x t r a c t . Poor gerraination 
was observed i n 0,5 to 1 percent so lu t ion of Magnesium sulphate; 
Potassiura sulphate, sodium n i t r a t e , and araraoniura sulphate and 
H / 1 0 to n^8 concentrat ions of dung e x t r a c t , 
Gattani (1951) While studying the ef fect of c o l l o i d a l 
sulphur contained i n water « A ^ r (90 ppm and 10 ppm) observed 
t h i t within ?4 hours a t ?3°C abnonaal germination r e su l t ed i n 
about '?0% of the spores . I n about 5 percent spores , spor ld ia 
developed a t the apex of the promycelium and i n some cases 
spor ld ia developed d i r e c t l y on the spore*. 
Saxena si a l« (1969) s tudied the effect of metal ca t i ons 
on spore germination and observed t h a t the ohlamydospores 
did not f?:erminate a t 10 to 10 M. Sols of A # o - , Cd(No«)j, and 
fhtNo^)^. Germination was poor i n 1o"^ to 10*^ M ZNSo^, BaCl^, 
AKHTO,) , and OuSoj, 
 
 
 
 
 
  
 
 
 
1 
Effect of teniT>eraturq» I*ithra e t a l (1953) made extensive 
stufllea on the garraination of mmt spo i l s and i n p a r t i c u l a r a l so 
s tudied the effect of temperature on germination, ^h© spoTQB 
accordin/^ to him gerrtdnated i n d i s t i l l e d water a t d i f f e r en t 
temperatures ran^f l^ng from 5 to 40®C ho observed t h a t the 
optiranra twipeiuture for the se ra ina t ion of siaut spore waa about 
30 C, the riaxiimim between 36 to 40 C and the ralniaaini between 
5 to 13**C, tha t the spores on germination produced e i t h e r on© 
or two germ-tubes and the number of spores bearing two g e m -
tubes was raaxiraiini a t 18**C, The germinated spore boi« spor ld ia 
a t a l l terfiperatures except a t 36°C and the number of spor ld ia 
pe r geroinat lng spore var ied fit>ra one t o threet and the length 
of spor ld ia was only 5.4 u a t 13°C while i t va i l ed from 8,06 to 
9 . ^ u a t 1B**C, ?4®C and 30®C re spec t ive ly . 
Befay and Agarwal (1959) i n v o s t i ^ t e d the germination 
of smut spores obtained from ^ cane v a r i e t i e s a t d i f f e r en t 
te^iperaturee v i a . , 6°C, 97**C, 30°C, 35°C and 15 to ^S^C., and 
sreported tha t the spores co l lec ted from d i f fe ren t v a r i e t i e s 
do not show 100 percent f^eiwlnation. A few c o l l e c t i o n s l i k e 
Co 93?t Co 936 and Co 3*'3 showed t h a t the spore could germinate 
well even a t €Pc (-^I^C below optimum). I t may be pointed out 
t h a t high (39*^0) or low (6*0) temperatures unfavourable fo r 
germination of many forms could not a l t e r the v i a b i l i t y of any 
 
 
 
 
 
  
 
 
 
of fhQB© "^arietios permanently, normal jE^jeralnation v;as observed 
In f'^ eia ^mi awl tab le condi t ions for ^eanalnation were a v a i l a b l e . 
Saxena and Khan (1963) fa i l ed to observe di f ferences In 
the ca rd ina l tesaperaturea of the seven oo l lec t iona they t e s t e d , 
^^owever, they observed differences i n the r a t e of gerfainatlon. 
The r a t e of gerralnatlon was hlg|h I n Allgaih and Punjab Col lec t ions 
moderate In B l h a r . B e n ^ l ani Txkom oo l l ec t iona and low In 
Coimbatore and Cuddalore co l l eo t iona . Appalanaraslah ( 1 ^ 4 ) 
also noted V^nt the spores of Patllajato acltarainea germinated 
b e s t a t ?^Qm I n a recent study Bubey and Joshi (1976) observed 
t h a t the sap of a su^arcnne l ea f infec ted with sugarcane raosaic 
v i r u s inh ib i ted spore germination, p a r t i c u l a r l y affeotini^ t h e 
s t r a i n A of the pathonen* 
Sffeot of hydrogen ion oonoentrationt I^athra jg^ l ^ . (1938) 
observed tha t the spores germinate on pH ^,7 - 9.8 with optiinim 
gsnalna t ion a t pH 6 ,4 , fawoett (1944) also studied the e f f ec t 
of hydrogen ion concentrat ion on germination of araut spores and 
observed tha t optimum hydrogen ion concentra t ion for germination 
was 6,5 with lower and upper l i m i t s above pH ?,0 and below pH 
9,0 respec t ive ly . Pawcett a lso ra^isured the average pronoroelial 
length which was 4 , 10, ^ and 5 to 10 ju a t pH 3 , 4 , 7.6 and B . ' 
r e spec t ive ly . 
 
 
 
 
 
  
 
 
 
_L w 
Saxena and Khan (1964) also studied tha effect of 
relati'G'e 'huiatdlty on spore germination and concluded that 
the germination of chlaaydospores of different col lect ions 
of TJstllagQ sQltamiiMa 3yd, was optiimm In 100 per cent re la t ive 
huiaidlty a t '>5^0 and 30°C with no gerraiaviation in 90 per cent 
re la t ive humidity a t any of the teraperatures tested, Hovreiver, 
significant differences were observed in the percental?© 
germination of different collections a t different re la t ive 
hu?5idlties and ten^araturea When inoculated se t t s of mig^Tcaim 
were exposed for eight houra» a t 100 percent re la t ive humidity 
and P3 to 50°C, sufficiently high infection occurred t h o u ^ 
for optiimm infection i t took ?4 hou»s, 
Galloway (1936) has stated that Ustilaigo seltaiilnef Syd. 
grew well on potato dextiose agar, Slohards and Box's agar, i n 
culture chlffisydospores were rare but secondary sporidla forced 
f r ^ l y , Fawoett (1945) also studied the effect of i^trogen 
sources on the genaination of spores and found that the 
Argentine collections grew well on modified Caapek's solution, 
i rrespect ive Whether the nitrogen was giv«i in the fom of 
inorganic sa l t s or in in the form of peptone, l^arther he 
reported that the dextrose was be t te r source of caz%>on -^an the 
levulose, The fungus was unable to u t i l i a e ce l lu lose . 
 
 
 
 
 
  
 
 
 
- t V..' 
BnGk (19^4) reported th-it t^ie spoJ^B of !lBtali/?Q nottaninaa 
r^ 3*^ i1.n,'\t@f1 at^/pioally nn m.»f<^ ire?ine nnrf-iCQ mid on non.raitrlQnl; 
'^efila. Saxeiia anfl i'^an (t957» 1971) ohservfid t ^ a t t ^e cai^on 
aouKJQ not only Influenced ';ho m t e of f^oi::^ a i t ions init a l so t^^e 
moA% of f^r^nnttan In .41li^ -i2*« as wsll SIB i n oth^r c o l l e c t i o n s , 
Further they obB-^rvad differanoas In the ruumber and pos i t ion of 
3-porlt!la o^>taln@d from dif feront c e l l s of ep ibas ld i a , 
Saxona and S l n ^ (1966) obsarvaii b ipo la r he te ro- tha l l ia ra 
i n s i i^ reano mrnt* I^mi mid 1!&Yi(r (iq?**) obaerrad tha t the two 
s t m i n a can not be dlBtinsfhiahed on the ba s i s of rmrpSologym 
^M.9h and Lee (1976) conflanned the findlni^s of Xou and fon^ 
(197^) f l i r tMr they observed an add i t iona l race of TJatllaflp 
BCitm^iinea by a r t i f i c i a l s a t ing of Bporidial z^^es of s t r a i n s 
1 and 9 W^ioh attacked both HCO 310 and i? 134 and not HCO 376 
W^ich waa irwHne to both races* 
4s atui^ro'ine araut has ciused aerioiis eoonoralc l o s se s 
i n the susarorm© i^rowin^ re/^lona of the world, nutaber of 
meaaures h ive been applied to oontTOl the oulJiloolous simit of 
sugarcane Whi<ih are as fol iow« 
1, Boguin^; diaeasad scoots or canes . 
 
 
 
 
 
  
 
 
 
*», SeleotiniS ^ e a l t l ^ r^lantiiis s e t t s . 
3 . Treatfsant of s e t t s vrlt^ d i ^ n f e o t a n t s p r i o r to 
p l a n t l m . 
4 . *vol<!ln/5 t*»e ratoonln/; of affacted c m e f i e l d s . 
5. Application of cit)p r o t a t i o n . 
6 . Plantliws of ros io t an t v a r i e t i e s . 
1 . aomiliy^ of diSQaaed alioota o r atoolat SystaiKitlc romiln^ 
of the infeotedi oanes has been reported to be e f fec t ive i n 
con t ro l l i ng the dise ' ise as reported by set BX il workers 
(Blss inger t 1934; tatoni, 1940; Fraaoia, 1930; ]?adwick, 19401 
I i u t h m , ^ j ^ . , 1940; Fawcett, 1941; Chona, 1943; Hopkins, 
1951>. While doing t h i s i t was found des i rab le t h a t the snwt 
spores were not allowed to m a t t e r . Franola (1«3B) reported 
t^^at good cont ro l was achieved i n Madras throu/tVi reraoval of 
the Whips. liaHhwr (1945) a lso confirmed i t . Chona (1943) 
reported th^t i n order t o etmxTe cosapleto con t ro l reiaoval of 
Whip wns not enouf^ but the removal of e n t i r e clump was 
necessa iy . Sharaia (1954) and Jasiest (1973) a lso reported t h e 
ef fectiveneac of re-^elng i n the oontrol of auipircane s?!i«t. 
^* S^lQCtin^ healthy s e t t s fo r Blant ina i n the f i a ld t In order 
to obtain sarut f ree crop 4nt<ml» (1938); Ijuthra ^ i l l . , (1940) 
Pawcett (1941); Mathur, (1945) I Wlehe (1949)? and Amiila (1953) 
su^ifieated the use of d isease free plantlni^ s e t t s . 
 
 
 
 
 
  
 
 
 
3 . Dlsi»lnf@ctia^ a e t t s ^ r l o r to T>lantings Application of 
f u n ^ d d e a p r i o r to plaiitln/^ of a e t t s >»a3 "be®! found very 
a f f ac t l vo , iMthra, ^ ^ # (1940) rocofriended irnraergion of 
s e t t s i n 0,1 pareent «gurc«rlc ohlorlrle for 5 rAnates WHil© 
Joe»^l (1954) Hoh±&v<^& b e t t e r control with Borfleaux jalxtwi«, 
Kar nn4 Srlv-^BtaYa, (1957) obtained /^od r e s u l t s by immersing 
the SQtts for 5 rainutes in o,'95 percent Po^^nox and 1 poTTSait 
ai^roson, Mctfartin (1«^45) reported the effectiviaiesa of 
are tan* 
lluthusar^r *tnd S-ubbaraja (1974) wMlo studying:; the 
f\.m,ticides fnr the con t ro l of 3«*T^rcan0 armt reported t h a t 
0 ,5 pe rc^ i t agsillol and 0,3 percent dlf-^-ine 'I-JB were e f f e c t i v e 
i n the control of the d i sease . Po ie r a t a l . * (1974) s tudied 
the ohendcal treattnent of the sugarcane nrmt and found thjit 
t he B<VS 319'» f and B ^ 397? f were hi.*hly e f fec t ive amtnnt 
4 , 3ti^pt4^y4 t]<?ti wf^t^r .tyi^t^fflt* ^ona (1943> obtained coraplete 
con t ro l of m'iffnrermQ emit by tremtnent of s e t t s i n water a t 55 
to 66 C for 10 ndnutes but as jorerraination was greatly reduced 
suob hot water treatraent was of l eso valiiSt however Josbi 
(1Q54) B^ported tha t the bes t control wis obtained without 
undue daiKi^ ^^ e to t>>e buds when Infected cuttlnjfjo weB3 linmersed 
i n ho t w^tnr .^t 5''**C far V niiruites. I t was found t ^ a t 
 
 
 
 
 
  
 
 
 
standard hot water treatment (5?' 'c for ?0 minutes and 50*^ 0 fo r 
30 minutes) would k i l l a l l propagules of the fungus i n stem 
c u t t i n g s . James (197^) a lso studied the standard hot water 
treatment for smut con t ro l and reported tha t the data from 
f i e l d experiments confirmed the effect iveness of standard 
the rniotherapy a^^ainst smut TJstilap^o scitaTninea Syd, However, 
i n a recent annual report of the experimental s t a t i o n of 
South Africa Sufijar Association, Mount TSd^ tecoT-^ 'be, Natal 
(1975-76), i t was claimed tha t more aaut developed i n hea t 
t r ea t ed than i n untreated NOO 376, This wnr> probably due t o 
a d i r e c t effect of treatment on s e t t ' s bud, ellrainating o the r 
pat^'ogens, water s t r e s s rf^-j a l so increaae the incidence of 
smut. 
Applioaticn of cro-p rotat ion^ Rotation of crop may be a good 
measure to control the smut, as the smut spores wi l l s ta rve i n 
the f i e l d , Fawcett (1941) and Ariuda (1953) advised p l a n t i n g 
of Lucerne, maiae and other non-host crops fo r the con t ro l of 
sugarcane snnit, 
growing r e s i s t a n t v a r i e t i e s t The uost s a t i s f ac to iy answer 
to the menace of smut problem i n sugarcane i s the use of 
r e s i s t a n t v a r i e t i e s . Sugarcane v a r i e t i e s d i f f e r i n t h e i r 
reac t ion to smut. Some of them such as the 'noble* canes 
Saccharum officinaruia a re known to bo highly r e s i s t a n t . 
 
 
 
 
 
  
 
 
 
Whereas t>aoc»)arua baarbarl and Sacci^ma aftontanfmrn ar© ^ilgfHly 
fniscoptlbl© to simit, Barly (1900> 3t»di«d 13ie v a r i e t a l 
reslstajioe i n species of sugarcane i n Kenya. Sandhu and Man 
f1f)66) reported tHi t t^e v a r i e t i e s (30 453, CO 617 and COJ 39 
were w s l s t a n t to simit, Duraira.1 jgt ^ . ( 1 9 7 ^ reported t i iat 
out of 140 v a r i e t i e s t es ted aga ins t Uatlla.q:o ecit^irainea Syd» 
'*9 were >>lg>>ly res ia ta i i t and 40 modei^tely r e s i s t a n t , whereas 
Muthusan^r -md Sltahanf^am (1975) reported t h a t out of 103 
v a r i e t i e s tes ted only CO 453 and CO 603 aihowed h i ^ degree of 
r e s i s t a n c e . 
Slnnon^s (1976) has raade i»%>ortant contrl>Jutions 
towards "a strate/f^y for su/^arcane amit con t ro l i n West Indies'*, 
"^ e^ etnphaaised tha t the appearfince of s t i i^rcme snwt i n Guyana 
(1974") was an i nd i ca t i on , t*»at the disease would almost 
c e r t a i n l y spread rapidly throuf^out t r o p i c a l Aaerloa. The 
r e l a t i v e cos t of replacin»<» mKit miaceptible Cva, with r e a l e -
t a n t l i n e s e i t he r without dlntui^bing the norraal replantln/? 
cyc le o r by rapid replant ing proficratarae have been discuosed. 
the former atimtegy appears to be preferable (SiTasnonds 1976). 
pre l iminary ca l cu la t ions indica ted t h a t the lonir terra c o s t s 
of cane breeding wi l l be f a r ei^oeeded by the bene f i t s from 
scmt res i s t ance a lone . I t i s therefore of s i ^ l f l c a n c e t o 
keep i n nilnd the above forau la t ions While evolving the r e s i s -
t a n t v a r i e t i e s . 
 
 
 
 
 
  
 
 
 
PLAIf Qg WOaK 
I . To study the ef fec t of leaf and stem e x t r a c t s of d i f f e r en t 
grassesi water soluble f l ec t i ons of o i lcakes j e x t r a c t s of 
s o i l aianended vd.th o i l cakes ; d i f ferent C/N i ^ t i o s j Al iphat ic 
and oi^anio ac ids ; phenolics and re la ted compounds and 
effect of a n t i b i o t i c s and fimifjicides on the germination of 
the spores. 
I I . To study the host range of the pathogen; to explo.i:^ the 
reason as to why the ^ or more t'-'an ? f lushes a re produced. 
I I I . To locate and t r ace the spread of the rayceliura i n the Infec ted 
canes by histoj^athological s tud ie s . 
IV. To inves t iga t e the c o l l a t e r a l host nature of Saccharum 
soontaneum Linn. 
V. To study the ef fect of d i f fe ren t systendc fimgicides and 
o i l cakes for con t ro l l ing the smut. 
 
 
 
 
 
  
 
 
 
c 
MATBig: ALU AliS UJT^ fflBS 
The chlaiT^ydoapore Taaterlal Whlcb wi l l be used In tv»e 
experiment a will be obtained from the loca l sources . To rnimiT^ 
t o regular supply of the Inoculufa suscept ib le v a r i e t i e s l i k e 
GO 1158 ana COS 510 wi l l be inocula ted . 
S tudies on enore /aieraiiiatlont For spore ^erraiiiation s t ud i e s 
a syntbet ic medium of tbe followtrM^ composition wi l l be prepared. 
Potassium dibydro^en ortbopbofspbate « 0 ,? gm. 
Maf^ieaiU'n sulpbHte « 0 , ' ' fjm, 
^sparFigine « O,** .j^ ig. 
Bextose « ^0 gms. 
D i s t i l l ed water » 1000 ml. 
The medium wi l l be s t e r i l i » e d i n autoclave a t 15 l b , 
pressure i n a standard maimer. To the above ledlum, a i ^ l t r a r l l y 
na^aed ae basal Taedium» phenolics and r e l a t ed oonpoundot a l i p b a t i o 
a c i d s , a n t i b i o t i c s and i^stemlc f i in^c ides wi l l be added ao a s 
to maintain 10 00 , 100, 10 and 5 ppa cone t i t r a t i o n s . 
Phelo l ica and re la ted ooTipounds such as ca t echo l , p r o t o -
catechuic ac id , v a n i l l i n e , v a n i l l i c a c id , Hnoe l to l* oa teob in , 
a r ln i t in , hydroquinone, g a l l i c ac id , o r c ino l , reeoroinol and 
p y r o ^ l l o l i among the a l i p h a t i c acid?? such aa forrsdc a c i d . 
 
 
 
 
 
  
 
 
 
2-. 
ftimaric ac id , l ^ t l c nwsld, c i t r i c picid, succinic ac id , a c e t i c 
a c i d , t a r t a r i c ac id , pyruvic a d d , oxal ic ac id , Tsallio a d d , 
nalonic ac id , juid aa l ieo acid? ^uit lMotice mic'h as s t r e t oa^c in 
sulphate , s t r ep toc j c l i no , air5r1.?aycln, aureorayoin and p e n i c i l l i n 
yiWi "be used, Af!ion/r the systeniio -ftingicides such as bmi la t e , 
•bavlstin and calaxin w i l l 'be uood to study t h e i r e f fec t on the 
f^!je ru inat ion of t>»e spores , 
gffeot of d i f ferent C/N ra t ioa t To study the ef fec t of 
differeait C/lf r a t i o s on spore genninfition aapera^rtne w i l l 
be replaced by aiumonium n i t r a t e . In the basa l nedlum oo aa 
to obtain the C/N m t l o s of OtOj 0*0.^1 niO,4l OtO.B; 081,6; 
-sjOj ' ' l o . ? ; f>J0,4; ? tO.P | ^x1 ,6 | 4«0s 4iO,'>s 4«0,4l 4*0,01 
4«1.6s BIO; 310.t>5 810.4! 8tO.B| B1I.65 l^iOj 1?to.9} 1^iO,4l 
l ^ to .B ; 1'»i1,6. 
For obtaining d l f f e r ^ i t concentrat ions of wat^r soluble 
f l e c t i o n s of oilcakeo ' '•5i 5 and 10 gm, powdered oiloakeo 
vl«s Mahua, Madhuka i^^ dj.,oa Ctniel.i c a s t o r , Ittoiqua ooiaam^a Linn. J 
gi^undnut, teaohia hyDOgea Linn, wil l be t r m s f erred to 
Hrlenmeyer flaak containing 100 ml. s t e r i l i a e d water, The 
iaixtu3?e wi l l be s(baken on a njechanloal #»aker fo r 60 ndmitos 
and wi l l be f i l t e r e d throu/?h vhat?aan»s f i l t e r paper Ho. 1 , The 
f i l t r a t e will be used i n the s t t jdies . 
 
 
 
 
 
  
 
 
 
d 
Extracts of no i l amended wtt*i d i f fe ren t c l i c h e s vrlll 
b© prepared by ^ x i n ^ 5 m-» of d i f fe ren t o i lcakes (mentioned 
In the e a r l i e r experiment) with 100 f^m» of s o i l i n an 
^rlenmegrer f lask, l a t e r on 150 ml of water i s to be addedg 
the flask vdll be plumed with cot ton ind stored a t ^5-30*^C 
a f t o r ' ' , 4 , 6 , 10 and 1^ dnys the e x t m c t e wi l l be f i l t e r e d 
throui^ t>»e Whatman's f i l t e r Ho, 1, p^ T c^ani;ea vrlll b© rjieasw-
red by p'T meters. 
To study the ef fect of l ea f and stem extr-icta of Saccharuia 
.alHiSlMSMa S.§q^ ?i§,3:n^ »? gpontanefUB j ^ ^.^cc^-an^ t^m^^a, ^ I L J S ^ 
fferralnatlon of t^'e eiaoreg* i?or preparing ex t r ac t s 0 , 1 , O,**, 
0 , 5 , 1,0 and ^,0 p^a of well wa hed leaf f\nd stem i tr i ter ial w i l l 
be grounded in 10 ml d i s t i l l e d water and then i t w i l l b© f i l t e r e d 
t h r o u ^ Whatman's f i l t e r No, 1, The f i l t r a t e thus obtained w i l l 
be used d i r ec t ly to atudy the .termination perowitage of the spores, 
Incubation chambsrs shal l bo desi^pied i n standard manner 
Hiker and Hiker (1936) by providing moist cot ton pad on the top 
a s well aa the bottom of the p e r t ! d l a h , and by p lac ing a nea t 
s l i d e on a frlaBs afcpport, T^e whole assembly sha l l be s t e r i l i z e d 
i n an -Jitoclave, The chlaraydosporea sha l l be t ranafer red to th« 
e l i d e s e i t h e r by dusting the spores uniforraly over a small p iece 
 
 
 
 
 
  
 
 
 
2.. 
of paper and t*i«n lnvertl>m over tho s l i d e s oontalninflc th in 
l a y e r s of t>i9 desired aedlumj o r by tTnn®ferrlrv5j a few dapope 
of t*>e eporee uspenslon on the g lass s l i d e s by m^ma of a 
p lpe t te» The s l i d e s wi l l be removed from tbe incubat ion cbamher 
fo r counting the nuniber of aporeo W^icb bave fjernrtnated and 
Whicb have not gerrainated, fbe duiat lon for Which the e l i d e s 
w i l l be k©]>t In the inotibatlon ohai^er eha l l depend upon the 
n a t u r e of the t e a t , Three aucb conntlngs wil l he made from the 
f i e l d tak€Bi a t rOTdom, The t o t a l rai'nber of the spores which a r e 
to be counted in each tteatiaent wi l l range from 400 t o 500, 
Inoeula t ion aethodt The Inoculua e?iall be taken from the l o c a l 
•variety to te?it the mature of d i f ferent v a r i e t i e s . The smit 
spores a re to be made I n suspension by ralxlng ' gra of stait powder 
I n 5 l i t e r s of s t e r i l i z e d water. The surface of the s e t t s 
conta in ing three buds each wi l l be s t e r l l l / . ed with I t looo raereurlo 
ch lo r ide and then washed i n s t e r i l i z e d water . The s e t t s wi l l 
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hos t na ture of Saocharuia sDontaneum Linn. The inocula ted s e t t s 
wi l l be sown in the f i e ld and the incidence of the disease i s to 
be exia ined. 
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t h e r e wi l l be 5 r e p l i c a t e s for each treatraent . 
 
 
 
 
 
  
 
 
 
^ .^  g g it ,^  y (? g ,^ 
Agretoar, S,L. (1916>« Th« mode of infection and prevention of 
SBHit disease of su^itsane. Aaric* J . India. 
l l J 288-295. 
Antonie, H, (1955)« <^ne diseases. In t ro . Anxu iigpt, 
tMitiWgj SMffl^  Xfi4t «?% l!;^:t> 44-45. 
AppaXanazmsalht?. (1961)* Heview of work on sugarcane smut. 
Inmm #> gl SM,, .c^ag %9i ft i ^ * i* 
34-40. 
. (1964)« Soa» pliysiologic studies on suf^r-
Ia3iaaJ^23Xtoam»» 1IC4)» 284.286. 
Arrada, s.C. (1953)* A producao da, HBada Seleodonada de 
oana em face da J&saSii*S§SSm' MSXSLBXSQ,- t 
JLa» 127-133. 
Baker, H.B.D., 3 . Martin and S.C. Stavensen (1953>« Sugarcane 
diseases in the carribean. gp?9, Xflt* 
r?gg> \^m* Pang 'fgcli.t nih COM«» a95-902. 
 
 
 
 
 
  
 
 
 
o 
Barat, H. (1931)* Btudoa do l a l>lvlsion de phytopathologle 
(Section 2nd IndocMnoiae de •!• Ins t da 
Eeoerehes Agronoialques) an oours da •!* 
anneo 1930•II. Latooratoire d« crypto^amle, 
mm» ^9u* %n^99hU9 n^^* 2^* 779B-796B. 
Bates, Gr.ii, (1954)* iiept, of the chief botanist aiid plant 
pathologist for the year ending 30th 
Sf^ptamber 1953. i^ 9,4> MllQ* if* J§1» 
359-370. 
Batest J.J?. (1965) Snnit diseases in gu7axia» Smearcaqe patho^' 
^ofld.at Newsletter No. 13/14t Bodcers, 
augar es ta te LTD. a ^ georgetown G>u)ana. 
Beatt is t ^.K, (I902>t The formalin treatment for Wheat and 
oat sisut, teah. AsfflQ* ^ a t * ^%ia.m ;^id.l* 
54. 
Blsslnger, O.Tf, (1934)* Sorae of the problems now facing the 
Sesearch Bureau of the gMX^mlnq ^M* 
,4Q ,^g?,l^ tl<^a '^m» }^^>m* I^* 19»24. 
BoGky K.H, (1964)» Studies on sugarcane saut (Uatilago 
aglitanrtn^a ^y^») m Kenya. T.y^9, pj^. 
nnQli ^fi .f iji:<3)t 403-417. 
 
 
 
 
 
  
 
 
 
Piolley, ^^.L. aiid W.^, n ren tze l (l*^'*?)* Control of sraiita on 
ceroal crops TM'. Dak. 4/Trlc. iSxDt. Uta. 
Boedi j ln , K.B. (1935)1 On some species of TIstllafW oocurarlni; 
on Kriant^ius and Saocharma. B u l l . J a r d . 
IlQt> ^'ntflBaori^i ^^Qff> ?» 12» 334-3B6. 
Bourlqiiet, G, (1953)« Les p r lnc ipa l e s raalfidies da la Ofirnie 
•a* surce *a' M a d a ^ ^ a r . Agron* Colon. . 
22» 1-17. 
Butl©r, ^ , J , (1906)» Fungus diseases of sugarcane i n Bengal . 
„• (1918)« Fun.<;l -ind diseases i n ^^lantsl 377-380. 
'backer Spink and Co, Caloutta, 
Byther, l i .S. and G.W. S te inc r (1974)s TTnusual STBut symptoi^ 
on HMsarcane. Tfgwaii Plaint Dla, 3?eDt.. 
^ ( 5 ) 1 401-405. 
_,„_,^ and _„ , ._ ,__ . . . , . .^ (1976>t Cotaparision of inocu-
l a t i o n teo^iniques for aaut d isease t e s t i n g 
i n ^fewaii. \b?tyt S.l'.ip. ^ 8 ) t 7 ^ 1 . 
,Chona, B . I , (1943) t Su^roane sout and i t s c o n t r o l . I n d i ^ 
FTM. . ^S 401-404. 
.«......«_«...«_«. (1956)1 P resedan t i a l address p a t h o l o ^ s e c t i o n . 
EIIQO* lA"^! ggg> SfM/I« ^m TQff^tt 9 th ,Q<;^ M« 
975-966. 
 
 
 
 
 
  
 
 
 
Chonat B,L« C19^>« Hed ro t epldemlos In India and suggesticm 
for t h e i r oont3Pol» Praaedent la l address 
a t ?y^ Bj^ Qffli, (?9n;C, Q I aytg, i{^^^ Dqfy, WQ,^. 
Chona, B . I , and •l.L, Gattanl (1950)« Kana grass (aaccharum 
QP0ntanei3^ y^  L.) a e o l l a t e r a l host of sugar-
cane sralt i n I n d i a . M » , ,^«, .AffltSt . ^ ^ . » 
^ t 359-362. 
Churchward <1934)i A not© on t h e ooourrenee of seedl ing 
l e a i l one caused by ce rea l s iai ts , y roo , 
MXSXM apffo H<^w ^ wtnwalfla* II* 547-590. 
Chrlstenson, J , J . and H.A. Sodenhlaer (19?7>t Physlologio 
speo i a i i s a t i oa and genet ics of siaut fung i . 
B9lf, HWi H t 389-425. 
C i f e r r i , a . (1931)» Qutlnta - oontribuzione a l i o studio 
dogl i Ust i laglnaleB (No. 127-257>. i o a . 
fifyHQlit 3ffrl>» 2a* 1-74. 
Crossi W.S. (1947)» ^ e sugarcane c r i s i s i n Tucunant ilM» 
ILfcl.,4^(10)i 30-31. 
Dacaiaarat B, (I930)i Contrihutione and ayoofloraa writaxilae 
centuries. THi . to> inat,> ^ttpsr> A«roa» 
2.1 59-141. 
 
 
 
 
 
  
 
 
 
1 ) 
Baatur, J.?» (19^0)« '^ho itwd© of infection by asmt In sugarcane 
,tofl. Bqt. J^min* 2i« 391-397, 
Detcmif J .B, (I888a>t Sylloge XJstilaglneasum et lire dinaarum 
0to, P.A. Sacoardo ^ni9m %ft/^Pa» 7« 
449-527. 
Dubey, L.H. and E^B, Joahi (1976)» Mtlftmgal property of 
raosaie v i ros . ,^ ,Mg>,, Cgnq l^^thQlffiMst ,„.H,«?i^ . 
IfiJdcSS 15/16* 23-25. 
Durairaj, V.3, Katrajan, N.J. AhmA and D. PadraanaWian (1972)* 
Results of some eacperiasnts on sraat of 
sugarcane in Taislliiadu, Sug. Cane Pathe-
l a H ^ ^m^ ,l^ ttfflC»ii» 34-35. 
BaiOyt ^^•1'. (1970)« Ann. rept . of the Research division. 
Kflflya M3n3.g1ffY Qt tela* 
Edgrton, a.W. (1955)« S^M^WS, m^ t t ^ ^ f^^ jft^ ffi* 89-92. 
KreThadt B. and H. BaniAbliasi (1971)» The ooourrenoe of 
sugarcane esiit in I ran . 3;;<rmtm I* 9X 
HXmt mtH9Agfflgt 1(2)« 19-22. 
?a r l8 , J ,A,, G.M, ileed and H.A. aodenhia»r (1933)i Wheat sauts 
and the i r control . U.S. Deptt. Agyiq, 
l a m J s a i . 1711. 
 
 
 
 
 
  
 
 
 
Faweetty G.L. (1941)« Bepartaiaento d« Botanloa y Utopatologia . 
Bx Meiaorla annual dol ano, 1940, 3ev« 
^^iJ^tlTt 4^ 3a<?,i T^tHi^, l i t 47-50. 
_^ _^_^ _^^___^ _^_^____^  (1941)1 El* carbon* o Tizon de l a oana de 
4suoar. Giro. fiQ^aQm >^3BB. telO. '^ Wttlgan 
100. 
,_,_..,.,__,_.,_.,,.,,_,_^ ,^  (1942) t Hotes sobre e l 'carbon* de l a cana d« 
114. 
............^ .^ .^.........^  (1943) t Departamento de Botajiica y 5'itopatologla 
Bx Meia>rla annual del ano. I94t. Jss,. 
Ifi<3^ u9l}y,, Mn9f ^^H1W» H * 63-65. 
^^_^ _^__^_^^^_^^^_^ _^^  (1944)1 Bl oaz^on de l a cana de Asiuoar Bot. 
.^ ...................^ ..^ ^ (1946)8 Departamento Botanloa y Fitopatologla 
Bx MeiBorla annual de la no. 1945. S^, 
XMuat?t 4f^ yi<?t, ^<mWft*t J{£* 159-165. 
Francis, G.B, (1938)i Su^rcane siaut, Madraa Agric. J , . 3fe 
46B-474. 
Galloway, L.D. (1936) t Heport of the Iraperlal ayoologist Sci . 
^^' 4gyio> ^fi« lagti fttsa** 1934-35 
120-130. 
 
 
 
 
 
  
 
 
 
Qattani, M.L, (1951)* Induced varlatlOTi In the gerrainatlon of 
ohlaiaydo spore of Ustllaftp aqltaminea.Svd. 
C M £ - U - S ^ . W 134. 
airdhari lal - .:- (1954>« M Blfflftt, ^^<?ytf t ^Mi ^ ? « P ^ * 
HirseWiom, B. (1943>t AJMeonoa oajpactera d« la oaxtoon de 1A 
oana de Aaucar en la Argentina - UatilagQ 
25-29. 
....................^ ...^ ^ (1949)* Haunlon de coiaaunlcaolones camnotlvo 
de oun^llrso. elev. anniversarla de lA 
iniclacton de las activtdades del . 
Hopkins, J.C.F, (1951)* Susaaary of the annual rept . for the 
branch of botany and plant pa tho lo^ for 
the year ending 301^ Septeaber 1950* 
J t oa* - t e l a* jL . t ia* 454-459. 
Hsiehf W.H, and C,S. Lee (1976>» Compatablllty and pathogene-
ci ty of two races of Jg. y^jlflaaliaffl Syd. 
in Taiwan. y^1,9i : %M '^^jyim ^m* ^S« 
iaai. J2« 51-57. 
 
 
 
 
 
  
 
 
 
3. 
Husaiiii, S.w.H,, a,K. Saxmm and A,*I, Khan (1969)* studies on 
Bu^roane mat caused by l^stiXMQ 
acita?aj|.r.ea isyd. I I I , effect of metal 
cations onaporo gerratnatlon. J , Indiatja 
Ial.--22a.. iM.i-2>« 112-113. 
Janiea, G,Ii«(1969)« Viability of sugarcane smut sporea in aoil, 
^94991^ '9m% ^m«, -^;ro» sisi* ^^3iA§> i^iY 
2» 10-12. 
.^...,...,..^..^ (1972) t % t watar treatniant and aaut, StiiaaagQan,^  
Aaanu ?^m> ^ m* ^^l§?mgit f^^Xt fttgti^> 
51(2>t 624 (Entry No.>. 
,..,....._.,^ (1973)* Bffect of rogulng on yield and anait of 
fmgaroane« \^i^ iaff^ fflg paiihffl^ ,g ,^Ql, Nfl>|^ Xff|1?„Qy 
%94^94a^ Hfm,. Afi^t, soffit, .S,lB, S^ja^JTYt 
mtVn ^.f•l' ^C5)» 1658 (Sntiy No.). 
....,,,..........^ (1974)« Bffect of ssait infection cm sugar y ie ld , 
^\^,^M^^? Ml?i<?Xft>'^ at H ,^y9ji,?i;if^ ,f .%g.49iia 
s\ i^r Mm, Yaffil ^Int ^^aJL^^g* ifi> 32-53* 
; 'v, 
Jl-^-\C3b ;,: 1 
 
 
 
 
 
  
 
 
 
a^ 
Jaiaeo, G.L. (1976) i (X Imlcoloua aiait and t^e e f fec t s of i t s 
con t ro l on y i e l d , .^odeaia 3uiy» Asan. 
?^ffi« ^trit Qnirgggi l^ ft^ flif?la* ''9^-''99. 
James, G.L, mid J* Burton (I^T?)* Hoipieing and I t s a f fec t on 
.Yield and smat of mi^ roane , H^odagj^ 
an^i \^m» Itxan ^tn* ^ ^Ua^mry ^Q4Qal^« 
Abstr. a.P>P, ^ ( 9) I 6^4 ( ^ t r y Ho . ) . 
J o s M , N.C, (1954)1 (3h9iiot>»erapy a^^alnst su/^arcane d i s ea se s , 
In^Xm ^Wrfi ^t3»» i» 343. 
_ _ _ « . . . . . « . (1954)» I f f ee t of ^.ot water t r a a t a e n t of s e t t s 
for tho contiwl of i^d rot and smxt 
diseases of augarcan©. Steprlnted frotai 
Indian Sug.« H.S. ^ i 
Kar, K, and B.D, s r ivas tava (1957)* ifum^lcidal trgatiaent of 
sugarcane s e t t s . In^X^ S M I I ^^t^» I« 
33-34. 
Khan, 4.M. and S,K. Saxena (1964)» "Sffeot of temperature and 
relatl-ve ^U'nldlty on the v i a b i l i t y of 
cMa»!^dowpores of (Tlstlla/^o aoltamlnoa 3yd.) 
Khanna, K.L. (1947)* Ann, Haot. Cent. Su.<?« Esa. 3 t a . . Puaa. 117. 
 
 
 
 
 
  
 
 
 
3.; 
r^i2U» 1136-1134. 
I»«e, '^ «1« and 'l,r». 'fe^alla (1953)» '?he Sfsi^von's <?xpari'iieiit 
sfnyt Jtio^mso of 3ti.fSiTC.-mo* r M l l i p -
MslSs^J^* Ji» 403-412. 
Leu, L.S, and w»3, T«5n^  (1972) s Pathogjeiie stsnijis of 
l a '?aiw9nCV> pat^ogeiio otrains of 
(JMU^&oi ,acit,iigto§fi 3^*>« ,mx%M. M.»l* 
JSS( !)i 721. 
 
 
 
 
 
  
 
 
 
Luthra, J .C, , 4, 3at tar arid S.S, Siudhu (1940)i "HJaperinents 
(m the control nf armrt of 3u/^Teane# 
Z^.m* ^ 4 M'^it -'gjf.t %Q.t* 11^» 11JV12B. 
Mathur, Ii.3. (1945)* Control of autiarcane aimt In the TMltad 
Provinces. lMi.m Pm^f ii« 439-440* 
McMartln* A» (1945)* ui«;aroane 8TBut*s reappearance in Natal, 
___..._.,....,,^ (1948)1 £iu^roans aaat» a report cm v i s i t s to 
th© a u ^ r estates of Sout>?6m iihodesia 
and Po3?tugueae East Ifrtoa wS.th efonaral 
obser^^ation of t'h© disaaaa. South ^\frioan 
3u^. J>. 2E* 737-749. 
_—.—«--««. (1949)« P3«a<mt developaeaita in the search for 
new au^pircano vnxietlaa for Natal, South 
Medalla, M,(J. (1923)» Diaeasas of canes in Philippine©, 
?,M> C^ t t y:\-\ft1f N ? ^ , i» 390-392. 
Melohers L.S, and C,0, Jhonston (1927)» Sulphur and copper 
carbonate duat as effective fungioides 
for the control of sorghua kernel anuts 
and fldllet sauts, ^JiiSaaaSh. t I2» 52. 
 
 
 
 
 
  
 
 
 
ndmn ,aao, H.'V, a n d ? , Praicas.im (1956)s Striaies on mitm^ramm 
®* t^» |^ y<;^ ;Q,, .WiM :'^nt, ^Mt P^^l ^",?gh*t 
^Tl gffftl** 104^^1057. 
Jtat 523-533 • 
MundktJTt B.B, and a»J, Thiruiaalaohar (1952)* UsttlagirialeQ 
of inaia» (f,<imm, m^Vx 'AYmlm^sf^ 
' lut^.u^j^, S, suid iC?* Subbsumja (1974")« S'iinsioi«5es iji t^ h© 
control of au^itjaa© amit. ,A^ t^r> ^ F t ? * 
^ ( 4 ) 1 1530 (^^ntry Wo.). 
Mut^usaayt 3 , and 3 . Sltahanthan (l97S>t Soreoning of 
Ho. B/14 1-2. Sisg. Sea, Stn. alrts^jurgonl 
Ta?!!llnadUi India. 
Hai^aar mid %A. Talbella, (1976)* Assoc! t ion of imusual 
flyapto?!^ of cultaloolous smit of snuaroane 
in Sudan. ^ f^U S^Wi m%h9l<^fA^ ^^^m 
l e t t e r Ho. 15/16 6-€. Oun«id 'Mm, ^ub. 
Stn. Sudan. 
 
 
 
 
 
  
 
 
 
OofenriLa, O.O, (1931)« The d iseases of sugarcane ooourring 
a t t he col lege of Agriculture a t Los 
Banos and In t he Insnediate neighbourhood, 
Sug. News. 12* 595-599. 
_„__._______, (1938)« A review of the sugarcane d i seases i n 
t he Ph i l i pp ine . fT(?o, Ip,-\, a^^i, 3^g> 
Cfme Tech. . 6th Cong. 183-187. 
Padwlcac, S.W. (1940)» asioort of 13ie iaioerial ayoo log ia t . So l . 
H?p. tejgt %f. Tnat. t W?>t- ^?1M» 103-115. 
Parthasarthy* B.V, (1951)» J^rnual retat. of sugarcane Hea. 
^<ih^9 }^^,M Annik^. ^ppUog qi\<i <^tt^^i;,h^^ 
for 1950-51* 100-102. 
Poraer, S.H., a , Hiejaco and Hodenbroker (1974)» Chemical 
treatment of sugarcane smut. Abstr. 
J.i>,l4-Ii2i11)« 4277 (3ntry No. ) . 
P r i t c h e t t , G,% (1924>» Insec t pes t s and cane d i seases . 
"^ <?^ ailf;^ gavl n^tey«^ 7?» 470-472. 
«aja, K«T,S,, S, Hatrajan, M.J, Ahmad and B, PadinanathaK 
(1973)» Effect of smut incidence i n 
pi it and ratoon crops on y i e ld and 
qua l i ty JMUQVC* 4>g,?> 52l( "^« 2730 
(T!ntry No. ) . 
 
 
 
 
 
  
 
 
 
' i . : 
Hefay, S,A, and Ji,K. 4garwal (1951)« Geiinlnation of o u ^ r -
cano aimt spore. Proo. 33Pd Bienn. Conf. 
o:? Suf;. Hea. 3ev. Woi}^  (Abat r ) , 
Refay, S.A. and V.B. S i i i ^ (1959>» fV9<i ?yia ^ l Xn^l^ Cgytf, 
,aTig,>, .r^ ^^ Sf.- ^n» WQxh^^g, f viqa' 3 3 9 - 3 4 1 . 
Hlksr, A.J. and i l ,S. iJiker (1936) i la tyoduct lon t o reaearoh 
Oft .alaat ^iaf^ass* ^HlTt megonsto ifttl?!* 
lloMnson, C.3, (1908>« i^ugarcane Braufc. P h i l l i p , Afsrlc. iiev. 
Is a59-297. 
aobinson, E,A. (1959)8 ougarcmiQ »Esat, S. Afr. 4'-?nc. J . 
^ » 240-243. 
itogers. P . , P.iI.Siabva, H. Burmya and M. » . Barly (1974)* 
A survey of sugarcane diseases and pea t s 
i n a^Qt African Jbcrloii^.tujal :g^ni^ 
^QuiToa^ (1972) ^ ( 5 ) » 162-169. Saafaw. 
3ug« ( ^ e d i e , t a s t i n g 3 tn , Karaoala 
(Uganda). 
Saxena* 3,K, (1959)« s t ud i e s on some aspects of pa ras i t i sm of 
sugarcane emt caused by t?§t;f.3.^/a ^ffltftnrfnffl 
^ImXh Ind ia . 
 
 
 
 
 
  
 
 
 
Saxena, 3,K. ana A,II, Khan (1957)* Preliminazy studies on the 
physiology of monosporidial l inea of 
QonX* '^m» ^ 9 t -Q^a HQi^'im" 
..,..........,.,..,.,...^^ (1963)* otudles on sugarcane smat causod 
W U^Ul^m mMM,um Syci*I* J . Indian 
3Qif. ^q^» ia<2)« 195-203. 
. ..„.,.. <1965)» Studies on sugarcane aiaut oauaod 
by y>?tUft^ <? y?,J.Vala^^ sjd. i r . effect 
of re la t ive huraidity on spox'e gerrainstlon i 
..........^ .^......^ ...^ ....^ ^^ (1971>* Effect of carbon sources on 
gei-adjoatlon of ohlamydospores of tTatilaasp 
11(3-4)1 317-322. 
Saxena, K.M.S, and K. S i n ^ (1966) t The mating pattern in 
TJatilago adtanrtnea 3yd. In4lm ghytQTOt^ 
Jl(3)« 2?36-289. 
SandhUf S.S. and N,S, Mann (I966)i Varlatal resistance to 
su^rcane smut caused toy Pstilaap 
naltamtniia Syd. In the Punjab. i22§l£« 
iLajL^. ML* 250B (3ntry No.). 
 
 
 
 
 
  
 
 
 
'i 
Siiaaraa, 3.L. (1956)* 'lo3?phological ?!K>dl£tcation In sui^ ^wfoiana 
plant by syateiaic Infection of mmt 
^Mt ^ ^ ^^?^i 9t;h ,%?M' 1134-1161. 
Sh6fflel«t P.M.L. (1960)1 Private ootaamic^tlon. 
Bhephard, l!»i'*3. (1924)* LQ oharbon de l a oamie 'a* stusro* 
M» ,Myi,gi ,^ 4^ m,g^ t JH* io7-iO'B. 
3i!maond0» H.W. (I976)t towards a s t ia tesy for ougarcaoe SRaat 
oontxt>l in th« West Indiee. Int> Siut^  J . 
329-330• Bdlnbui^ .ie^iool A ^ i e . , 
tJootland (TJ.K.J'. 
31n#i, K., T.it. Budhraja and A«Lal (1966-6?)« Variation In 
the longenty of teleiito©pores of Patiia/m 
394-396« 
snniYasant K.V* and Chenulu (1956) t A preliiaiimry atudy of 
tite reaction of a^qQ?v^ gtta lifTWtttaaiara 
VEiriants to red xot asiat rust and asnaaio* 
giag,t, lata ,^afi> '4Ma, 9m^ ^«?ht l lh ^ng* 
109T-1107. 
 
 
 
 
 
  
 
 
 
4 L 
Stevens, N.B. and ii,B, atevens (1952)« Diseases In p l a n t s 
an In t roauct ion t o a g r i c u l t u r a l phytopatho< 
logy 20t 219. Chronica Botanioa Co, 
Waltham, Mass, 
Subramsnlan, T.V, and Lakshndpatl 3ao (1951)* Infec t ion and 
d07olopment of Uatllaaa aeltaTirtnii^ Syd. 
m sugarcane. Proo,(I5 Conf. aug. Cane 
.l^si g^y> :'^^^m ,Xn4lft» Z* 55-63• 
Sydow, H, (1924)» Notlzen uber ustllagineen. Ann. Mvcol. 22» 
277-291. 
Taubenhaus, J . J . (1920>» Diseases of gra ins sorghuia and 
Bdl le t , and t h e i r con t io l i n Texas. 
Tex. Aiarlo. Sxot, a t a . B u l l . No. 261. 
Ta lba l l a , H,A. (1969)« Sfflut on t i u e seedlings of sugarcane 
n* m^ %T>t r>^(12) i 992-993. Agrio. 
iies. Organisation Quneid Sudan. 
Teng, S.C. (1932) J Soiafi fungi f i oa canton.oontr ibu, B i o l . 
Mi» aQl» ^<?t <>t ChiMi Bpti seitt* Bt 
121-128. 
 
 
 
 
 
  
 
 
 
4. 
Toriblot A, (1975)» A note on sugarcana sraut. Not© de 
syntheae aur l e c a i ^ n , de la canne 'a* 
8uore ITouvelles Agronomiques des Antelles 
et de la Guyana (1975) (3) 178-185. 
Wafcker, (1895>* Arohief voor fie Java Sulkerlndustrle, 
Waller, J.M. (1969>» Sugarcane smit (Uatllaap aoitaialnea Svd-) 
In Kenya I Spldendology. Trans. Br. 
mvoQl, a o c ^ ( 1 ) t 159-151 • Nata ag r l c . 
laba. Bairobl Kenya, 
(197D)« Sugaroane amit (l?.8lii3.^ ffi t|Ql,1fqnrtl\?^ Syd.) 
in Keaiya 11 . Infection and roaistanoe. 
'^Vmn* 3y. m^lt ^g>» 5i<3)« 405-4lO. 
Wiehe, P.O. (1941)« DlTislon of plant pathology - Kep. I)ep. 
hBSHiQ* MaiU!l.tm8» 10-14. 
. ^ _ _ _ _ (1943)» Division of plant pathology - iten. Sap. 
AiBlgri ?lattrttltta» 9-io. 
...,....,.,....,.„...^ C^49)« itesult of soiaa experiments on smut of 
augaroana in Mauritius. Bttv. Agrlc^ 
MaurttlSi* 2a* 7-11. 
 
 
 
 
 
  
 
 
 
